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Circular RNAs (circRNAs) are a novel class of noncoding RNAs that play important roles in human diseases. However, the
regulation of circRNAs in glucocorticoid-induced osteoporosis (GIOP) has not been reported. In this study, we performed high-
throughput sequencing to identify altered circRNAs in the vertebrae from GIOP patients. A total of 65 clinical samples were
collected in this study. Bioinformatics algorithms were employed to predict the target relationship between circRNAs and
miRNAs and the circRNAs-miRNAs regulatory network. We focused on the top 10 significantly up-/downregulated circRNAs
(hsa_circ_0004906, hsa_circ_0001172, hsa_circ_0005778, hsa_circ_0004276, hsa_circ_0005729, hsa_circ_0006173, hsa_-
circ_0007662, hsa_circ_0001451, hsa_circ_0001564, and hsa_circ_0108735) and measured their expression by qRT-PCR in
clinical samples. Bioinformatics analyses demonstrated that 87 miRNAs were predicted in upregulated circRNAs and 104
miRNAs were predicted in downregulated circRNAs. ,e functional enrichment analysis showed these targeted miRNAs were
significantly enriched in bone metabolism-related biological processes and pathways, including the MAPK signaling pathway,
positive regulation of the metabolic process and metabolic pathways, etc. Collectively, our study revealed circRNA regulation and
circRNAs-miRNAs regulatory network in GIOP for the first time, which provides a new perspective on the molecular mechanism
of GIOP and lays a foundation for GIOP treatment.

1. Introduction

Glucocorticoid-induced osteoporosis (GIOP) is the most
common form of secondary osteoporosis induced by the
long-term use of glucocorticoids (GCs) [1–3]. Emerging
evidence has shown that the disability and mortality rates of
GIOP are much higher than those of common osteoporosis
[3]. Pathophysiologic mechanisms leading to GIOP work in
concert to increase bone fragility through reducing bone
formation and increasing bone resorption [4, 5]. However,
the underlying mechanism of GIOP has not been fully
elucidated, and effective treatment strategies are urgently
needed.

Circular RNAs (circRNAs) represent a novel type of
noncoding RNAs that are formed by the circularization of
back-splicing events [6, 7]. circRNAs are widely expressed in

humans in a tissue- or cell-type-specific manner. Many
studies have found that circRNAs could act as sponges of
microRNAs (miRNAs) and competitively suppress miRNA
activity to regulate gene expression [8, 9]. ,e association
between human diseases and altered circRNA levels has also
been investigated. Accumulating evidence showed that
circRNAs are potential diagnostic biomarkers for human
diseases [10]. However, the global expression and potential
mechanism of circRNAs in GIOP remain largely unknown.

To better understand the molecular mechanisms of
GIOP, we performed high-throughput sequencing and qRT-
PCR in GIOP vertebrae to identify circRNA expression
profiles for the first time. Moreover, we generated the target
miRNAs based on bioinformatics algorithms and built a
circRNAs-miRNAs regulatory network. Furthermore, Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
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Genomes (KEGG) analyses were performed to elucidate the
biological significance of notably altered circRNAs, which
provide a new perspective on the molecular mechanism of
GIOP and lay a foundation for GIOP treatment.

2. Materials and Methods

2.1. Clinical Samples. A total of 65 clinical samples were
collected from thirty-seven GIOP patients and twenty-eight
healthy volunteers between October 2015 and January 2019
at the Orthopedics Department of ,e Affiliated Nanping
First Hospital of Fujian Medical University. Six pairs of
GIOP samples and control samples were used for high-
throughput sequencing, while another thirty-one GIOP
samples and twenty-two control samples were used for
experimental validation. ,e diagnostic criteria for GIOP
patients have characterized the long-term GC use (more
than 6months) and osteoporosis/osteopenia (T-score-
≤−2.5/T-score>−2.5 and <−1.0). Postmenopausal women,
patients suffering from other diseases that may cause os-
teoporosis (tumor, hyperparathyroidism, diabetes, etc.), and
patients receiving any antiosteoporosis treatment were not
included in this study. ,e inclusion criteria for the control
group were as follows: (a) No metabolism diseases that
might affect bone metabolism. (b) No osteoporosis and
history of GC use. (c) Non-postmenopausal women. ,e
clinical information (age, gender, body mass index, T-score,
etc.) was collected from all participants. ,e vertebral bone
samples were collected by bone biopsy from two groups.

2.2. Institutional Ethics Statement. ,is study was approved
by the Ethics Committee of ,e Affiliated Nanping First
Hospital of FujianMedical University and was in accordance
with the Helsinki Declaration. All participants were well
informed of the study protocol, and written informed
consent was signed by all participants.

2.3. Library Construction and High-/roughput Sequencing.
After grinding the vertebral bone tissue in liquid nitrogen
condition, the bone powder was collected for RNA isolation.
Total RNA was extracted by TRIzol (Invitrogen, CA, USA).
RNA concentration and integrity were evaluated by using
the Qubit RNAAssay Kit (Invitrogen, CA, USA) and Agilent
2100 Bioanalyzer (Agilent Technologies, CA, USA), re-
spectively, with acceptance criteria of 28S :18S ratio≥ 1.5
and RNA integrity number (RIN)≥ 7.0.

Subsequently, total RNA was digested with RNaseR to
remove linear RNAs. ,e cDNA library was constructed
according to the manufacturer’s guidance, and then, the
library was subjected to paired-end Illumina sequencing
(Illumina, CA, USA).

2.4. Expression Analysis of circRNA-SeqData. ,e raw se-
quencing data were filtered by Fast QC and NGSQC software
to obtain high-quality clean reads [11]. Subsequently, the
clean reads were mapped to human reference genome Hg38
by the Top Hat tool with default parameters. Next, the

unmapped reads were subjected to CIRI, CIRC explorer, and
find_circ software to identify circRNAs [12]. ,e circRNA
annotation was based on the circbase database [13]. Differ-
entially expressed circRNAs were analyzed by the RLimma
package with threshold of |fold change| >2 and P value < 0.05.

2.5. circRNAs-miRNAs Interaction Analysis. ,e potential
target miRNAs for circRNAs were predicted by RNAhybrid,
miRanda, and TargetScan software with default parameters
[14].,eVenn diagram shows the number of target miRNAs
predicted by the three software. ,e circRNAs-miRNAs
interaction network was built by Cytoscape software.

2.6. GO and KEGG Analyses. Gene Ontology and KEGG
pathway analyses enable us to describe gene attributes and
regulatory mechanisms in humans.,e function of miRNAs
targeted by circRNAs was investigated by the miRPathv.3.0
tool [15]. ,e P value represents the enrichment significance
of GO terms and pathways, and P value < 0.05 was con-
sidered as statistically significant.

2.7. Quantitative Real-Time PCR (qRT-PCR) Analysis.
QRT-PCR experiments were performed to verify the ex-
pression of circRNAs in GIOP samples and control samples.
Specific primers were designed by Sangon Biotech
(Shanghai, China), which span the back-splice junction
region of circRNAs. Total RNAs were transcribed to cDNAs
using the PrimeScripRT reagent Kit (TaKaRa, China) fol-
lowing the instruction. PCR analyses were performed using a
real-time PCR system using the SYBR Green PCR kit
(Takara, Japan). GAPDH was used as internal control, and
the relative expression level was calculated by the 2−ΔΔCt

method.
,e sequences of primers were as follows:

(i) hsa_circ_0001451: sense, 5′-CAACAAAAGAUU
ACUUCCUTT-3′, antisense, 5′- AGGAAGUAAU
CUUUUGUUGTT-3′

(ii) hsa_circ_0007662: sense, 5′-TGTGGGGGA
AAAACAGGGTT-3′, antisense, 5′- ACGAGAA
ATGACAAGAGTAGCTGA-3′

(iii) hsa_circ_0006173: sense, 5′-CCAGACAGGACT
TTCTTCTGCT-3′, antisense, 5′-TGTGAGATC
TCCATGGGCTGA-3′

(iv) hsa_circ_0001564: sense, 5′- CATCCTTTGCG
CTCAGAGGA-3′, antisense, 5′- GATTGGCCT-
GACCACAGTCTA-3′

(v) hsa_circ_0108735: sense, 5′- GCTTCTCCAGGC-
CAGACATT-3′, antisense, 5′- GCTGCTGTGG
TTGTTTCTGG3′

(vi) hsa_circ_0004276: sense, 5′-GCTCACAGCTGA
TCCTAAGGT-3′, antisense, 5′-GACGTTGGTT
CCTTCAAGCC-3′

(vii) hsa_circ_0001172: sense, 5′- ACAAAGCCCA-
GATCCAGGTG-3′, antisense, 5′- GTATCGA-
CAGTCTGGGCTCG-3′
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(viii) hsa_circ_0005729: sense, 5′- CAATGCCAAGA-
CAGAGCTGC-3′, antisense, 5′- GCTTTCCTCG
AGCTTCCTGT3′

(ix) hsa_circ_0005778: sense, 5′- CATCCTTTG
CGCTCAGAGGA-3′, antisense, 5′- GATTGGCC
TGACCACAGTCTA-3′

(x) hsa_circ_0004906: sense, 5′- AGTTGCGCTCC-
CAATCTCTC-3′, antisense, 5′- GTCTCGGTC
CGTTACACCAG-3′

(xi) GAPDH: sense, 5′-CATGGGTGTGAACCAT-
GAGA-3′, antisense, 5′-CAGTGATGGCATG-
GACTG-TG-3′

3. Results

3.1. General Information of Study Subjects. ,irty-seven
clinically stable patients with GIOP (21 males and 16 fe-
males) and twenty-eight healthy control subjects (16 males
and 12 females) were enrolled in this study. As shown in
Table 1, there were no significant differences in age, Body
Mass Index (BMI), and serumMg/P/ALP levels between the
patient group and control group, while BMD, T-score, and
serum Ca level were significantly lower in the patient group
than in the control group (P value < 0.05).

3.2. Expression Profiles of circRNAs in GIOP. ,e high-
quality clean reads were obtained from six pairs of GIOP
samples and control samples by using the Illumina Hiseq
sequencer. A total of 17,348 circRNAs were detected by
sequence alignment in the Hg38 genome and circbase da-
tabase. ,ese circRNAs were unevenly distributed in human
chromosomes except for the sex chromosome Y
(Figure 1(a)). By filtering the fold change and P value (|fold
change| >2 and P value < 0.05), we identified 338 circRNAs
that are differentially expressed between two groups. A
volcano plot of the differentially expressed circRNAs is
shown in Figure 1(b). ,e chromosome distribution of
differentially expressed circRNAs was also analyzed, and the
results showed that most of the circRNAs were distributed
on chr1, chr6, and chr12 (Figure1(c)). ,e top 10 dysre-
gulated circRNAs are listed in Table 2, including hsa_-
circ_0004906, hsa_circ_0001172, hsa_circ_0005778,
hsa_circ_0004276, hsa_circ_0005729, hsa_circ_0006173,
hsa_circ_0007662, hsa_circ_0001451, hsa_circ_0001564,
and hsa_circ_0108735.

3.3. Target miRNA Prediction. Studies have shown that
circRNAs may act as sponges of miRNAs to regulate gene
expression. ,erefore, we predicted the target miRNAs of
the top 10 dysregulated circRNAs by bioinformatics tools.
,ere were 679, 984, and 742 miRNAs predicted by Tar-
getScan, miRanda, and RNAhybrid algorithms, respectively.
,e intersection results of the three bioinformatics algo-
rithms demonstrated that 87 miRNAs were predicted in
upregulated circRNAs and 104 miRNAs were predicted in
downregulated circRNAs (Figures 2(a) and 2(b)).

3.4. circRNAs-miRNAs Network Analysis. As shown in
Figure 2(c), a circRNAs-miRNAs interaction network was
built for the top 10 dysregulated circRNAs to investigate the
interaction between circRNAs and target miRNAs in GIOP.
For the upregulated circRNAs, hsa_circ_0004276 and
hsa_circ_0005778 had more cross links with target miRNAs
than other circRNAs. In the downregulated circRNAs, the
most cross-linked interactions with target miRNAs were
hsa_circ_0006173 and hsa_circ_0001451.

3.5. Prediction of the Characteristics of circRNAs Related to
GIOP Using GO and KEGG Analyses. To further investigate
the biological roles of circRNAs-miRNAs interaction in
GIOP, we performed GO and KEGG analyses of target
miRNAs using DIANA-miRPathv.3.0 software, which sys-
tematically collects the experimentally validated miRNA
target genes and their functions. ,e results showed
miRNAs targeted by upregulated circRNAs were mainly
enriched in the regulation of signaling/transport, metabolic
process, N-glycan biosynthesis, MAPK signaling pathway,
and cytokine-cytokine receptor interaction (Figures 3(a) and
3(b)). ,e miRNAs targeted by downregulated circRNAs
were mainly enriched in calcium-dependent cell-cell ad-
hesion via plasma membrane cell adhesion molecules, nu-
cleotide binding, TORC1 signaling, metabolic pathways, and
alanine metabolism (Figures 3(c) and 3(d)). ,e above-
mentioned findings indicated that the top 10 dysregulated
circRNAs may play key roles in GIOP by interacting with
specific miRNAs.

3.6. Validation of circRNAs by qRT-PCR. To verify the ex-
pression of the top 10 dysregulated circRNAs, we performed
qRT-PCR experiments in another thirty-one GIOP samples
and twenty-two healthy control samples. ,e results showed
that hsa_circ_0004906, hsa_circ_0001172, hsa_-
circ_0004276, and hsa_circ_0005729 were significantly
upregulated in GIOP samples while hsa_circ_0006173,
hsa_circ_0007662, hsa_circ_0001451, hsa_circ_0001564,
and hsa_circ_0108735 were significantly downregulated
(Figures 4(a) and 4(b), P value < 0.05), consistent with high-
throughput sequencing data. However, the expression of
hsa_circ_0005778 did not show an obvious decrease in
GIOP samples, which is different from sequencing data (fold
change: 1.35; P value� 0.19; data not shown).

4. Discussion

In recent years, circRNAs have emerged as a novel class of
endogenous RNAs dysregulated in human tissues [9].
circRNAs are potential ideal diagnostics biomarkers for
diseases because of their special loop structures and char-
acteristics [6, 10]. Several studies have shown that dysre-
gulated circRNAs are associated with bone-related diseases
such as osteoporosis [16–18]. However, little is known about
the global expression and potential role of circRNAs in
GIOP.

In the present study, we first analyzed the circRNA
expression profiles in GIOP patients by high-throughput
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sequencing and bioinformatics analyses. Our results showed
that 338 circRNAs were significantly differentially expressed
between the GIOP group and control group, suggesting their
important roles in GIOP pathophysiology. We also found
that these differentially expressed circRNAs were widely

distributed on each chromosome except for the Y
chromosome.

,e top 10 significantly up-/downregulated circRNAs in
GIOP were further investigated, including hsa_circ_0004906,
hsa_circ_0001172, hsa_circ_0005778, hsa_circ_0004276,

Table 1: Clinical information of GIOP patients and healthy controls.

Categories (mean± SD) GIOP Control P value
Age 57.20± 6.01 56.90± 6.23 -
BMI (kg/m2) 20.31± 1.82 21.02± 1.75 -
BMD (g/cm2) 0.54± 0.06 1.03± 0.10 0.001
T-score −3.9± 0.20 −0.3± 0.95 <0.001
Serum Ca (mmol/L) 1.89± 0.07 2.23± 0.09 0.009
Serum P (mmol/L) 1.05± 0.05 1.18± 0.16 -
Serum ALP (U/L) 69.8± 16.88 65.97± 19.38 -
Serum Mg (mmol/L) 0.77± 0.09 0.80± 0.10 -
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Figure 1: circRNA expression in GIOP.(a) Chromosome distribution of detected circRNAs. (b) Differentially expressed circRNAs in GIOP.
Red: upregulated. Green: downregulated. (c) Chromosome distribution of differentially expressed circRNAs.
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Table 2: Top 10 dysregulated circRNAs in GIOP samples compared to control.

circRNA Log2FC P value Regulation
hsa_circ_0001451 −3.92403434923793 0.00725696428732379 Down
hsa_circ_0007662 −3.90949282452378 5.83222151202752E-07 Down
hsa_circ_0006173 −3.64206081838854 0.0000240629909097923 Down
hsa_circ_0001564 −3.62806417075557 5.90118623461766E-06 Down
hsa_circ_0108735 −3.60470408758295 0.0000329665851665041 Down
hsa_circ_0004276 7.87499859877847 2.14799948992582E-08 Up
hsa_circ_0001172 4.92789131907627 9.21641505754447E-07 Up
hsa_circ_0005729 4.69595826779837 0.00830055155874856 Up
hsa_circ_0005778 4.34828670752697 1.04632586419008E-06 Up
hsa_circ_0004906 4.10986276586592 9.65227226638277E-07 Up
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Figure 2: circRNAs-miRNAs regulatory network.(a), (b) Predicted miRNAs in up- and downregulated circRNAs by three algorithms.
(c) circRNAs-miRNAs regulatory network was built by Cytoscape.

(a) (b)

Figure 3: Continued.
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hsa_circ_0005729, hsa_circ_0006173, hsa_circ_0007662,
hsa_circ_0001451, hsa_circ_0001564, and hsa_circ_0108735.
By means of bioinformatics tools, we identified several
miRNAs that have binding sites with circRNAs in their

sequences. It is worth noting that many of the targeted
miRNAs were revealed to participate in bone-related diseases,
including hsa-miR-125b-2-3p, which is a key regulator in
mediating chemotaxis and survival of bone marrow-derived

(c) (d)

Figure 3: GO and KEGG analyses for targeted miRNAs. (a), (b) MiRNAs targeted by upregulated circRNAs. (c), (d) MiRNAs targeted by
downregulated circRNAs.
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Figure 4: Validation of circRNAs by qRT-PCR. (a) Four upregulated circRNAs. (b) Five downregulated circRNAs. P value < 0.05.
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granulocytes [19]. hsa-miR-450b could promote osteogenic
differentiation and bone formation [20]. miRNAmir-503-5p
was found to regulate chondrocyte proliferation and hy-
pertrophic differentiation in rats [21]. Regulation of miR-96-
5p may affect cell proliferation during craniofacial and dental
development [22]. ,e circRNAs-miRNAs interaction net-
work demonstrated that the top 10 significantly up-/down-
regulated circRNAs may act as sponges of the
abovementioned bone-relevant miRNAs, indicating their
potential roles in bone development.

We next performed GO and KEGG analyses for the
miRNAs in the network and found that the enriched
functional terms are related to GIOP, for example, metabolic
pathways and N-glycan biosynthesis, which are important
pathways in bone metabolism [23]. Other important bio-
logical processes including calcium-dependent cell-cell ad-
hesion via plasma membrane cell adhesion molecules and
positive regulation of metabolic process were also involved
[23, 24]. Finally, the expression of the top 10 significantly
up-/downregulated circRNAs was verified by qRT-PCR
experiments in thirty-one GIOP samples and twenty-two
healthy controls. We noticed that the expression of hsa_-
circ_0005778 was inconsistent with sequencing data; this
may due to the limitation of sample size [25]. It has been
reported that hsa_circ_0002060 depletion attenuates oste-
oporosis by regulating miR-198-5p[26]. circRNA_0006393
contributes to osteogenesis by targeting miR-145-5p/
FOXO1 in glucocorticoid-induced osteoporosis [27]. ,ere
were still some limitations in the current study. For example,
the specific function of these circular RNAs in GIOP de-
velopment should be explored in future investigations.
Whether the differential circRNAs can form a loop should be
verified in the future. ,e stability of circRNAs needs to be
validated by more experiments.

In summary, our study revealed the expression profiles of
circRNAs in GIOP by high-throughput sequencing and qRT-
PCR validation for the first time and identified several sig-
nificantly up-/downregulated circRNAs that may act as can-
didate regulatory molecules for GIOP development. Moreover,
the circRNAs-miRNAs regulatory network and related func-
tional enrichment were systematically investigated, new per-
spectives on themolecularmechanism of GIOPwere provided,
and the base for GIOP treatment was established.
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